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Epidermal Keratinocytes from Light vs. Dark Skin
Exhibit Differential Degradation of Melanosomes
Jody P. Ebanks1,2, Amy Koshoffer2, R. Randall Wickett1, Sandy Schwemberger3, George Babcock3,4,
Tomohiro Hakozaki5 and Raymond E. Boissy2
Modification of skin complexion coloration has traditionally been accomplished by interruption or attenuation
of melanogenesis and/or melanosome transfer. Post-transfer modification of pigmented melanosomes provides
an attractive and distinct avenue of modulating skin pigmentation. The processing of melanosomes during
keratinocyte (KC) terminal differentiation and the degradative variability observed between light and dark skin
(LS and DS) remains enigmatic. To evaluate this, we developed a model system to investigate the loss of
fluorescently labeled and isolated melanosomes by cultured human KCs. The extent of melanosome loss has
been qualitatively assessed using transmission electron microscopy and indirect immunofluorescence with
confocal microscopy, and quantitatively assessed using flow cytometry analysis. Results show that melano-
somes are incorporated into the cytoplasm of both light and dark keratinocytes (LKCs and DKCs) and trafficked
to a perinuclear region. Within 48 hours, confocal microscopy images suggest that LKCs display accelerated
melanosome loss. This time-dependent decrease in carboxyfluorescein diacetate (CFDA) fluorescence was then
quantitatively analyzed using flow cytometry. Consistent with the results of the confocal analysis, over a 48-hour
time frame, LKCs appear to lose melanosomes more efficiently than DKCs. These experiments show that
melanosomes are more rapidly lost in KCs derived from LS as opposed to DS.
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INTRODUCTION
Skin complexion coloration is a consequence of several
biochemical and cellular pathways that work concomitantly
to provide pigmentation and protection from photo-induced
carcinogenesis (Costin and Hearing, 2007; Sturm, 2009). The
synthesis and processing of melanosomes, pigment-contain-
ing organelles of the follicular and interfollicular epidermis,
are an integral part of hair pigmentation and skin complex-
ion, respectively. Although the mechanisms involved in the
synthesis and transfer of melanosomes are being defined, the
process of melanosomal degradation by recipient KCs
remains enigmatic.
Currently, modulation of skin pigmentation is predomi-
nantly accomplished by interruption of melanin biosynthesis
(Parvez et al., 2007; Ebanks et al., 2009) or alternatively
through the disruption or inhibition of melanosome transfer
from melanocytes to KCs (Boissy, 2003), as exemplified
by lectins or neoglycoproteins (Minwalla et al., 2001a) and
PAR2 (Paine et al., 2001). A distinct pathway of interest is the
processing of melanosomes subsequent to transfer, through
melanosomal degradation.
The degradation of the melanosomal organelle is multi-
faceted and displays variability between distinct racial skin
sources. Dark skin (DS)-derived melanosomes are approxi-
mately 0.8 mm, but in contrast light-skinned melanosomes are
significantly smaller in size (Szabo et al., 1969; Konrad and
Wolff, 1973; Minwalla et al., 2001b). Another distinguishing
characteristic between light skin (LS) and DS is the pattern
and distribution of melanosomes in the cytoplasm of KCs. It
has been documented that melanosomes in KCs of LS are
often distributed in membrane-bound clusters of approxi-
mately four to eight melanosomes, while melanosomes of
DS are predominantly individually dispersed. This distinct
pattern of melanosome distribution within the KC appears to
be governed by the KC milieu itself (Minwalla et al., 2001b;
Thong et al., 2003; Yoshida et al., 2007).
Skin type may also regulate the pattern of melanosome
degradation. As KCs undergo terminal differentiation, melano-
somes are completely degraded in the upper skin layers of LS,
resulting in corneocytes devoid of melanosomes. Alterna-
tively, some melanosomes remained intact and are present in
the desquamating corneocytes of DS. It has been proposed
that LS melanosomes, which are primarily in membrane-
bound clusters, are degraded more efficiently during terminal
differentiation of the epidermis (Thong et al., 2003).
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Integral to the understanding of pigment degradation is the
establishment of a technique to qualitatively and quantita-
tively analyze this phenomenon. In this study, we have used
indirect immunofluorescence in conjunction with confocal
microscopy, as well as transmission electron microscopy
(TEM) and flow cytometry, to demonstrate that melanosomes
are more rapidly lost in light keratinocytes (LKCs; that is,
phototype I/II) compared with dark keratinocytes (DKCs; that
is, phototype V/VI).
RESULTS
Distinct racial skin sources demonstrate variable melanosome
loss
Differential degradation has been observed between LS and
DS sources. Transmission electron micrographs of skin taken
from light and dark upper-arm skin biopsies demonstrate
an enhanced degradation/reduction of melanosomes in LS
samples (Figure 1). Figure 1 displays a distinct distribution
of melanosomes in LS and DS samples. Both LS and DS
micrographs showed melanosomes in the lower epidermal
layers, the stratum basale and stratum spinosum. DS showed
retention of melanosomes throughout the epidermis, with
melanosomes still apparent in the upper skin layers,
including the stratum granulosum (SG) and stratum corneum
(SC). However, LS micrographs lacked melanosomes in the
SG and SC, suggesting a differential processing of melano-
somes between LS and DS. This variability in melanosomal
distribution in the epidermal layers of LS and DS is of
particular interest when investigating melanosomal proces-
sing and degradation.
While TEM is an excellent technique often used to
investigate the degradation of melanosomes, it offers only
a qualitative analysis of the biochemical process. It is for
this reason that we have developed both a qualitative and
an associated quantitative technique to analyze the process
of melanosome loss.
Fluorochrome labeling of melanogenic cells and melanosome
isolation
SKMEL-188 was chosen to be the source of melanosomes
because of its highly proliferative and melanogenic capabi-
lities. The cultures offered a high yield of vastly pigmented
melanosomes for isolation. The SKMEL-188 cultures were
prelabeled with carboxyfluorescein diacetate (CFDA), a
resilient long-term tracking dye. CFDA is supplied as a non-
fluorescent and colorless chemical that passively diffuses into
the cell, where intracellular esterases cleave the molecule’s
acetyl group. On cleavage, the probe becomes highly
fluorescent and binds free amino residues of intracellular
macromolecules (Murphy et al., 1992; Le Poole et al., 1993;
Minwalla et al., 2001a). At a 5 mM concentration, the dye
proved to be highly fluorescent, resilient and displayed
minimal associated cell death.
SKMEL-188 labeled with CFDA displayed a green
fluorescent signal (Figure 2b) compared with unlabeled cells,
which showed minimal to no green signal (Figure 2f).
Similarly, melanoma cells labeled with tyrosinase-related
protein-1-specific MEL-5 antibody produced a red signal
(Figure 2c and g), an indication of the high melanogenic
nature of the cell line. Colocalization analysis of both the
CFDA and MEL-5 (Figure 2d), as indicated by a yellow/
orange signal, showed a good overlap of the two signals in
SKMEL-188. It should be noted that after several passages,
occasionally some cells would halt melanogenesis and
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Figure 1. Transmission electron micrographs of biopsies from light skin (LS, top row) and dark skin (DS, bottom row). (a) The SB of LS shows multiple,
membrane bound, melanosome clusters. The number of melanosomes is drastically reduced by the SS (b). The SG (c) and SC (d) of LS samples displayed no
distinguishable melanosomes. The SB of DS (e) displayed larger, singly distributed melanosomes, which reduced by the SS (f), but to a lesser
extent than in LS. The SG (g) and SC (h) of DS retained melanosomes (indicated by arrows) unlike LS. DS, dark skin; LS, light skin; SB, stratum basale;
SC, stratum corneum; SG, stratum granulosum; SS, stratum spinosum. Bar¼ 500 nm.
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appear unpigmented, thus labeling with CFDA but not MEL-5
(Figure 2d). Yet this was not a concern in the melanosome
isolation procedure, as only the highly melanin laden stage III
and IV melanosomes localize to the fraction of interest during
sucrose density gradient centrifugation. Overall, SKMEL-188
proved to be an excellent source of numerous mature
melanosomes.
Mature stage III and IV melanosomes were isolated from the
labeled SKMEL-188 cells using sucrose density gradient
centrifugation (Supplementary Figure S1a online). It should
be noted that occasionally the melanosomes appeared to have
an aberrant morphology, visually similar to an electron lucent
halo. This peculiar structural characteristic of melanoma-
derived melanosomes has also been previously reported in the
literature, following microanalysis of melanomas and pigmen-
ted nevi (Szekeres, 1975). Intact, SKMEL-188 cells (Supple-
mentary Figure S1b online) displayed the same morphology as
the isolated melanosomes, suggesting that the homogenization
and isolation procedures were not damaging to the melano-
somes. Higher magnification images of isolated SKMEL-188
melanosomes and melanosomes within intact SKMEL-188
cells (Supplementary Figure S1c online upper row and Supple-
mentary Figure S1c online lower row, respectively) have been
included to show the preservation of melanosome ultrastruc-
ture following the isolation procedure.
Keratinocytes uptake and lose isolated melanosomes
To investigate the degradative properties of normal human
KCs, we studied the incorporation and loss of melanosomes
using electron microscopy. An 18 hours time frame for uptake
of isolated melanosomes was obtained from a literature
value, as determined by Virador et al. (2002). Human KC
cultures from LS and DS showed successful incorporation
of melanosomes and trafficking of the organelles to a
perinuclear location.
To determine the optimal time period to evaluate the
degradation of mature stage III and IV melanosomes by KCs,
samples were processed by TEM at baseline, 8, 24, 48, and
96 hours after the 18 hours pulse incorporation and washing
of non-incorporated melanosomes. Analysis of TEM micro-
graphs of 48-hour samples showed ultrastructural disruption
of melanosomes, suggesting a process of degradation, and by
96 hours KCs displayed minimal melanosomes in culture.
Hence, the experimental time frame was selected to be from
baseline to 48 hours. Supplementary Figure S2 online depicts
representative TEM micrographs of 48 hours samples from
(a) LKCs and (b) DKCs. Black arrows indicate melanosomes
that have ultrastructural disruption, including visible stria-
tions from the melanosome scaffolding and/or an amorphous
shape. White arrows indicate intact mature melanosomes,
mostly found in the DKCs after 48 hours.
Loss of fluorochrome-labeled melanosomes by human KCs in an
in vitro model system
On determination of the time frame for melanosome
incorporation and time period to visualize melanosome
degradation, we established a methodology to qualitatively
assess the loss of melanosomes in LKCs and DKCs in vitro. To
qualitatively analyze the incorporation and loss of melano-
somes, we used isolated CFDA-labeled melanosomes and
incubated them in the presence of preplated LKCs and
DKCs. Following an 18 hour pulse incorporation period,
all non-incorporated melanosomes were rigorously washed
with phosphate-buffered saline, and baseline samples were
immediately processed for confocal microscopy. Forty-eight
hours samples were re-fed with KC media, until 48 hours
post-baseline, then fixed and similarly processed. Indirect
immunofluorescence and confocal microscopy analysis of
KCs at baseline and 48 hours were completed to assess the
concentration and localization of melanosomes in LKCs
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Figure 2. SKMEL-188 labeled with CFDA and MEL-5. SKMEL-188 cells were used as the source of mature stage III and IV melanosomes. SKMEL-188 as
seen in the differential interference contrast (DIC) images (a, e) were double labeled with CFDA (b), an avidly fluorescent green cell tracing reagent, and
MEL-5 (c), a melanosome-specific tyrosinase-related protein-1 marker (red signal), respectively. The majority of the cells were found to be actively
involved in melanogenesis, as display by the yellow/orange signal (d) in the cytoplasm of the cell. Cells that were labeled with MEL-5 show only a red
signal (g, h) and showed little to no green CFDA signal (f). CFDA, carboxyfluorescein diacetate. Bar¼20 mm.
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compared with DKCs. Representative images can be found
in Figure 3. In combination with the CFDA labeling, MEL-5
was concurrently used as a melanosome-specific label for
tyrosinase-related protein-1, as described in the Materials and
Methods section. At baseline, both LKCs (Figure 3a–d) and
DKCs (Figure 3e–h) displayed incorporation of isolated
melanosomes and trafficking of melanosomes predominantly
to a perinuclear location within the cytosol of the recipient
KCs. In addition, CFDA prelabeling of the melanosomes
displayed excellent colocalization with MEL-5, as exempli-
fied by the yellow/orange signal seen in the merge column
of Figure 3 (Figure 3d, h, and p). After 48 hours, LKCs
(Figure 3i–l) displayed a dramatic reduction in melanosomes,
with minimal CFDA or MEL-5 labeling. On the contrary,
48 hours DKCs (Figure 3m–p) have retained melanosomes
with vivid signal. In addition, DKCs that retained melano-
somes displayed a predominant perinuclear cluster of the
organelles. This perinuclear melanosome cap formation is
also shown in Supplementary Figure S3 online. Visual image
analysis demonstrated that the CFDA-labeled melanosomes
were avidly fluorescent in the confocal baseline images,
confirming that the isolation procedure did not disrupt the
CFDA fluorescent labeling. Moreover, the general CFDA
labeling of melanosomes shows consistent coexpression
with tyrosinase-related protein-1, offering an effective way
to specifically visualize melanosomal location and reduction
with time.
The distinction between melanosome reductions in
LKCs compared with DKCs, suggests that LS-derived KCs
may have accelerated melanosome degradation. Yet it is
important to note that the confocal images serve as a
qualitative technique and does not simultaneously assess
a large cell population. For these reasons we have applied
the model system to flow cytometry, which both quantifies
melanosome reduction and assess a larger population of
sample cells.
Concerns of a differential proliferation rate between
LKC and DKC cultures resulting in a differential ‘dilution’
rather than loss of melanosomes were addressed by looking at
the rate of division between LKC and DKC cultures. LKC and
DKC cultures were plated and counted at baseline, 24, and
48 hours after melanosome incorporation (Supplementary
Figure S4 online). LKC and DKC lines showed similar rates of
proliferation over the 48 hours time frame of the experiment.
These data suggest that both the racial lines of KCs show
a similar rate of growth and the depletion of melanosomes
seen is actually representative of differential melanosomal
loss between LKCs and DKCs.
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Figure 3. Incorporation and loss of fluorescently labeled melanosomes by light keratinocytes (LKCs) and dark keratinocytes (DKCs). CFDA (green) and MEL-5
(red) labeling of melanosomes was completed in LKCs (passage 2) and DKCs (passage 3). (a–d) LKCs at baseline display incorporation and shuttling of
melanosomes to a perinuclear location in the cytosol of the KCs. (e–h) Similarly, DKCs at baseline demonstrate incorporation and translocation
of melanosomes to a perinuclear region. (i–l) LKCs, after 48 hours, show a reduction in melanosomal protein labeling, with both CFDA and tyrosinase-related
protein-1 labeling significantly reduced. (m–p) DKCs after 48 hours show retained melanosomal protein labeling compared with LKCs at 48 hours, with
a distinct localization pattern compared with dark baseline counterparts. Higher magnification images of boxed areas in (d, h, p) have been included to
show the colocalization of CFDA and MEL-5. CFDA, carboxyfluorescein diacetate. Bar¼ 20 mm.
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Quantitative analysis of melanosome loss by human KCs in an
in vitro model system
The parameters of the qualitative analyses were then applied
to flow cytometry, to offer a quantitative technique to
delineate the process of melanosome degradation. The signal
of cells incubated with melanosomes was assessed above
the signal of negative control KCs without melanosomes.
This was completed to reduce the acquisition of nonspecific
background signal due to auto-fluorescence of normal
cellular constituents.
To quantify the amount of melanosomes within the KC
populations at baseline and 48 hours, we evaluated the
percent of cells positive for CFDA or R-phycoerythrin
(PE; %CFDA or %PE) as well as the degree of positivity
within that population, as indicated by the median X (Md X)
values. The product of %CFDA and Md X (or product of %PE
and Md X) was used to ascertain the degree of positivity
within the overall cell population, in which an elevated
value was interpreted as a higher melanosome quantity per
cell. Figure 4 graphically depicts the results of baseline and
48 hours readouts of fluorescence intensity, an indication of
melanosome concentration in LKCs and DKCs. Frequently,
we found that the baseline incorporation of melanosomes
varied between both KC types without a unilateral correla-
tion. Within 48 hours of incorporation, there was a significant
diminution of CFDA and PE fluorescence over time,
indicative of a reduction in melanosome quantity in both
cell lines. In addition, we found that melanosome concentra-
tion, as indicated by CFDA (Figure 4a), showed a similar trend
of incorporation and loss compared with tyrosinase-related
protein-1-specific labeling MEL-5/PE (Figure 4b). This indicates
that the CFDA labeling offers a valid methodology to quantitate
overall melanosome reduction. Consequently, subsequent
experiments were completed using only CFDA labeling of
melanosomes without double labeling with MEL-5/PE.
As previously stated, the distinct racially derived KCs
showed variable abilities to incorporate melanosomes.
Hence, to appropriately analyze/normalize for this variabil-
ity, the ratio of melanosomes at baseline to 48 hours was used
to assess melanosome loss with time (Figure 5). Consistent
with the results of the confocal analysis, over the 48 hours
period, the LKCs appear to lose melanosomes more
efficiently than the DKCs and displayed a greater reduction
in intensity values over the experimental time frame. The
experiment was repeated four times using four distinct
LKC and DKC cell lines (Figure 5). Experiments depicted in
Figure 5a and b were completed using a similar number of
melanosomes for both experiments, whereas Figure 5c was
completed with a slightly lower number of melanosomes and
Figure 5d with a slightly higher number of melanosomes. In
all cases, we found the same trend in which DKCs retained an
increased proportion of its initial incorporated melanosomes
and LKCs displayed a comparatively enhanced rate of
melanosome loss. Statistical analysis of all four analysis
suggests that there is a statistically significant difference
between LKC and DKC ability to lose melanosomes with
95% confidence, P¼0.039.
The experimental model system was then applied to
normal human melanocyte-derived melanosomes. The
experiment was completed using the same model parameters
but, alternatively, using duplicate samples per category. The
result of the normal melanosome experiment was consistent
with the SKMEL-188 melanosome experimentation. Yet there
was a slight distinction noted in the normal melanosome
experiment, in which LKCs initially incorporated more of
the pigmented organelles than the DKCs (Figure 6a). The
percentage of cells that incorporated the melanosomes was
similar between the two KC subtypes, but the amount of
melanosomes per cell varied, with a somewhat higher Md
X value achieved in LKCs. However, the overall change from
baseline to 48 hours values, an indication of melanosome
loss, shows consistent results with previous experiments, as
LKCs displays an enhanced capability to lose melanosomes
with time (Figure 6b).
DISCUSSION
At present, we have demonstrated through various experi-
mental methods that melanosomes are more rapidly lost
from recipient LKCs compared with DKCs. This degradation
is accomplished at differential rates between LS and DS,
with an apparent enhancement in degradation in LKCs. TEM
analysis of light and dark epidermis displayed a dissimilar
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Figure 4. Keratinocytes (KCs) incorporate and lose fluorescently labeled SKMEL-188 melanosomes. Light keratinocytes (LKCs; passage 2) and dark
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location of melanosomes in the corresponding cell layers
of the two skin types. Although both racial groups showed
a reduction in overall melanosome number, once the KCs
transitioned from the stratum basale to the stratum spinosum
and stratum granulosum, the LS samples showed a more
pronounced reduction. Furthermore, unlike LS, which pre-
served little to no melanosomes in the stratum granulosum,
DS samples often retained these melanosomes throughout all
the cell layers including within the desquamating corneo-
cytes. This was a fundamental finding, suggesting a distinc-
tion between the ways that melanosomes are processed by
recipient KCs in the two racial categories.
To fully understand and delineate how the process of
melanosome disintegration is accomplished, we established a
model system to evaluate the procedure. Melanosomes were
isolated from SKMEL-188 cells, which were highly melano-
genic and provided an overabundance of melanosomes. The
melanosomes were fluorescently labeled with CFDA and
MEL-5/PE, offering a convenient tool to examine the presence
or absence of melanosomes with various fluorescence-based
analytical techniques. Baseline incorporation of isolated
melanosomes by the KC cultures was easily assessed using
confocal microscopy and flow cytometry. Confocal analysis
of melanosome location in conjunction with differential
interference contrast optics demonstrates that following
incorporation of melanosomes, the organelles are shuttled
to a perinuclear location in the cytoplasm of KC cultures.
Within 48 hours of initial analysis, fluorescence image
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analysis suggests that DKCs display a higher preservation of
melanosomes compared with LKC, which display a more
efficient reduction in fluorescence.
Similar median fluorescence readouts from flow cytometry
analysis of LKCs and DKCs were obtained, and again LKCs
displayed a higher melanosomal loss over the experimental
time period. Flow cytometry analysis focused on two major
parameters. The first parameter of interest is the percent
of cells that are positive for melanosome internalization
(%CFDA or %PE). The percent positive was critical to see
the initial proportion of cells that successfully incorporated
the melanosomes. The second parameter of interest is the
median fluorescence intensity value, which is an estimate
of the quantity of melanosomes expressed per cell (Md X).
The product of these two parameters was analyzed in each
sample to indicate the degree of positivity and the overall
quantity of melanosomes within the cell population. In four
separate experiments using SKMEL-188-derived melano-
somes and four separate LKC and DKC lines, LKCs consis-
tently showed an increase rate of melanosomal loss.
These results were recapitulated using normal human
melanocyte melanosomes. Dissimilar to the SKMEL-188
melanosome experiment, normal human melanosomes
were internalized more efficiently by LKC than in DKC
samples. However, in agreement with melanoma melano-
some experiments, the change in normal melanosome
concentration from baseline to 48 hours was more enhanced
in LKC compared with DKC cultures. Our ability to both
qualitatively and quantitatively analyze melanosome loss
has been successfully accomplished using the proposed
model system.
Although it is very clear that there is a differential
degradation of melanosomes, which seems to be governed
by the genetic composition of the KC, the mechanism needs
to be discerned. We speculate that these molecular regulators
could be known or previously unreported degradative
enzymes previously suggested to be involved in epidermal
differentiation and melanosome turnover. In agreement with
the suggested mechanism, literature studies have looked
at the presentation of melanin in epidermal skin sections
from various racial origins. In experimentation completed
by Pathak and Stratton (1969) and Quevedo et al. (1989), the
authors treated skin sections to locate melanin throughout the
epidermis. They found that melanin was present throughout
the epidermis, but its quantity reduced during its ascent
through the various epidermal layers toward the stratum
corneum. They also suggest that melanosomes may lighten in
color due to the intervention of lysosomal hydrolases or a
transition from a more oxidized to reduced state (Pathak and
Stratton, 1969; Quevedo et al., 1989; Quevedo and Holstein,
2006). This study using identical melanosomal sources
demonstrate that the KC milieu regulates, in part, the differ-
ential loss of melanosomes. This process may also be influ-
enced by the nature of the donor melanosomes themselves.
A smaller, less dense, and more pheomelanotic melanosomes
synthesized by LS melanocytes may also exhibit more
efficient melanosomal loss than larger, denser, and more
eumelanotic melanosome synthesized by DS melanocytes.
In conclusion, we have successfully developed, to our
knowledge, a previously unreported strategy to study and
elucidate the process of melanosome loss. The technique
offers to our knowledge a previously unreported approach to
investigate how various skin types process melanosomes
during KC terminal differentiation. Throughout our various
analyses, we have found that KC cultures from LS have an
apparent increased rate of melanosome loss when compared
with DKCs of a similar passage. This model system
offers a distinct analytical methodology that may provide
valuable information regarding the turnover of the melano-
some in the skin and hair. We propose and explore that this
distinction in melanosomal processing is the result of an
initial differential melanosomal loss in part. Whether this
differential rate of melanosomal loss that we have demon-
strated in our in vitro model represents the entire process
in vivo remains uncertain. An additional mechanism that
could be at play is that the more heavily pigmented
and numerous melanosomes, which frequently occur in
DKCs, may ultimately saturate the degradative machinery
and could lead to persistent melanosomes in the upper layers
of the skin.
MATERIALS AND METHODS
Cell culture
Cell cultures were established from neonatal foreskin samples
following standard procedures. For details on the establishment of
cell cultures see Supplementary Materials and Methods online.
Melanosome isolation/purification
Stage III and IV mature melanosomes were isolated from SKMEL-188
melanoma cells or melanocyte cell lines (Kushimolo et al., 2001).
For details on the procedure to isolate melanosomes, see the
Supplementary Materials and Methods online.
Electron microscopy
Cells were fixed with Karnovsky’s (1965, 1971) fixative, processed
and embedded in epon resin according to standard procedures.
TEM analysis of both Caucasian and African-American upper-arm
skin biopsies was performed as previously described (Yoshida et al.,
2007). Details of the procedure for electron microscopy can be
found in the Supplementary Materials and Methods online.
Pulse incorporation of melanosomes by KC samples
The procedure for the fluorescent labeling and incorporation of
isolated melanosomes can be found in the Supplemental Materials
and Methods online.
Assessing KC rate of division
A cell counting procedure was used to assess the KC rate of division.
For details see Supplemental Materials and Methods online.
Indirect immunofluorescence of KCs using confocal microscopy
Indirect immunofluorescence was used to analyze KC cultures following
pulse incorporation of isolated melanosomes and SKMEL-188 control
samples. A modified version of the procedure has been previously
detailed (Smith et al., 2005). For further details see the Supplementary
Materials and Methods online.
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Flow cytometry
Following pulse incorporation of melanosomes, baseline KCs from
LS- and DS-derived sources were processed for flow cytometry.
A detailed explanation of the procedure can be found in the
Supplemental Materials and Methods online.
Description of statistics
Experimental analysis of melanosome loss by flow cytometry was
completed four times independently. Comparison of the ratio of
baseline to 48 hours melanosome concentration, between LKCs
and DKCs, was analyzed using a paired Student’s t-test (two-tailed,
type-1). Statistical significance was accepted at Po0.05.
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